Axions And Self-Interacting Dark Matter In The Heterotic String-Derived
  Model by Ashfaque, Johar M.
ar
X
iv
:1
60
7.
05
76
9v
2 
 [p
hy
sic
s.g
en
-p
h]
  2
7 A
ug
 20
16
LTH–1094
Axions And Self-Interacting Dark Matter
In The Heterotic String-Derived Model
Johar M. Ashfaque♠1
♠Dept. of Mathematical Sciences, University of Liverpool, Liverpool L69 7ZL, UK
Abstract
After revisiting the heterotic string-derived low-energy effective model of
[10–13] constructed in the four-dimensional free fermionic formulation, we find
two axions which are either harmful or massive. As a direct consequence, they
can not solve the strong CP problem which is in complete agreement with [8,9].
We also explore the possibility of the self-interacting dark matter residing in the
non-Abelian gauge group present in the hidden sector [16]. We find that the
low-energy string-derived model naturally welcomes the self-interacting dark
matter as 4 copies of the non-Abelian, hidden SU(2) gauge group factor are
present.
1email address: jauhar@liv.ac.uk
1 Introduction
Quantum chromodynamics (QCD) is a wonderful theory of the strong interactions.
Having said that, however, it suffers from one serious problem: the strong CP prob-
lem [1]. There are three known viable solutions to tackle the strong CP problem
of which axions are the most plausible solution as they help to keep the strong CP
problem in check.
The strong CP problem emerges as a consequence of adding the CP violating
term to the QCD Lagrangian
LCP = θαs
32pi2
G˜µνG
µν
which is a renormalizable and gauge invariant term that violates CP and is allowed
in any gauge theory in four dimensions. In the Standard Model (SM) it contributes
to the CP -odd observables such as the nEDM. The very smallness of θ despite large
amounts of CP violation in the weak sector of the SM is called the strong CP
problem. A feasible solution to the strong CP problem, [2, 3], was proposed by
Peccei and Quinn (PQ) which later was dubbed as the “axion” [4, 5].
On the other hand, dark matter appears to make up about five times more mass
than ordinary matter. Astrophysical and observational constraints indicate that dark
matter is non-baryonic, cold and collisionless in nature. A picture that has come to
be known as Cold Dark Matter (CDM). One of the major challenges is to understand
the very nature of dark matter where ample evidence is provided by astrophysical
observations. Dark matter could be made of a completely new, as yet undiscovered
particle.
In this note, we present a study of axions in the string-derived low-energy effective
model of [10–13]. We observe that there are two axions: the model-independent (MI)
axion which is present in all superstring models [6] and is known to be massive [7]
while the PQ-type axion associated with the global anomalous U(1) is present in all
the models in the free fermionic formulation [8,9]. We also explore the possibility of
the self-interacting dark matter residing in the non-Abelian gauge group present in
the hidden sector, in light of the heterotic string-derived low-energy effective model
of [10–13].
2 A String-Derived Low-Energy Effective Model
The string-derived model in [14] was constructed in the free fermionic formulation [17]
of the four-dimensional heterotic string. The details along with the the massless
spectrum and the superpotential can be found in [14] and are therefore omitted here.
The string model as observed in [14] contains two anomalous U(1)s with
TrU(1)1 = 36, TrU(1)3 = −36
2
where the only anomalous linear combination was found to be
U(1)A = U(1)1 − U(1)3
with
TrU(1)A = 72.
This anomalous combination, in turn, generates a Fayet-Iliopoulos D-term that
breaks supersymmetry near the Planck scale [15]. This model also contains vector–
like states, displayed in table 1, that transform under the hidden SU(2)4 × SO(8)
group factors and therefore this model offers the possibility of accommodating the
self-interacting dark matter candidates as was suggested in [16].
Symbol Fields in [14] SU(2)4 × SO(8) U(1)ζ
H+ H312 (2, 2, 1, 1, 1) +1
H234 (1, 1, 2, 2, 1) +1
H− H212 (2, 2, 1, 1, 1) −1
H334 (1, 1, 2, 2, 1) −1
H H112 (2, 2, 1, 1, 1) 0
H i13, i = 1, 2, 3 (2, 1, 2, 1, 1) 0
H i14, i = 1, 2, 3 (2, 1, 1, 2, 1) 0
H123 (1, 2, 2, 1, 1) 0
H124 (1, 2, 1, 2, 1) 0
H i34, i = 1, 4, 5 (1, 1, 2, 2, 1) 0
Z Zi, i = 1, . . . , (1, 1, 8) 0
Table 1: Hidden sector field notation and associated states in [14].
3 The Spontaneous Breaking of U(1)A
The Dine-Seiberg-Witten anomaly cancellation mechanism at the field theory level
[15] is driven by the dilaton field which generates a large Fayet-Iliopoulos D-term
for the U(1)A which would break supersymmetry thereby destabilizing the vacuum.
However, one can assign VEVs along the flat directions to some SO(10) × U(1)ζ
singlet fields in the massless spectrum of [14] to cancel the FI D-term and stabilize
the vacuum by restoring supersymmetry. Basically, we are looking to satisfy the
inequality
∑
iQ
i
A|〈φi〉|2 < 0.
In general, it should be noted that all the local and global U(1)s will be spontaneously
broken by the DSW mechanism.
3
The general form of the anomalous D-term associated to the U(1)A is
DA =
∑
i
QiA|φi|2 +
αg2eΦD
192pi2
⇒ 〈DA〉 = 0 =
∑
i
QiA|〈φi〉|2 +
αg2
192pi2
where
α ≡ TrU(1)A = 72
which leads to the conclusion
TrU(1)A = 72⇒
∑
i
QiA|〈φi〉|2 = −
3g2
8pi2
< 0.
The U(1)A is therefore spontaneously broken and to be more precise, it is broken by
the VEVs of the large number of scalars [9]. Consequently, one finds
fa ∼ M
10
∼ 1017 GeV
where M = MP l/2
√
8pi which is deemed unacceptable since it has been known for
a long time that a large axion decay constant, fa, especially fa > 10
12
GeV, means
axion energy density ρa > ρcritical [1].
4 Discussion on Self-Interacting Dark Matter
The following relation between Nf , NC and h was obtained in [16] by setting
Mh = 10
h GeV
and taking Λh = 1 GeV, αh(Λh) = 1 and α0 =
1
24
1
2
Nf (h− 16) + 48NC = 46pi
ln 10
beginning with one-loop RGE for the hidden gauge coupling
1
αh(µ)
=
1
α0
− 1
2pi
[(
1
2
Nf − 3NC
)
ln
Mh
MS
− 3NC ln Λh
Mh
]
where NC = n is the number of colors, Nf is the number of spin-
1
2
fundamental
multiplets and α0 is the value of the gauge coupling at MS = 10
16 GeV with the
scale at which the hidden SU(n) gauge group becomes strongly interacting is defined
to be
Λh =MS exp
(
2pi(1− α0)
(1
2
Nf − 3NC)α0
)
.
4
It is given that the number of needed flavors will grow at an immense rate with
incrementing NC . Subsequently the conclusion is reached that the wisest choice for
the gauge group should have the smallest number of colors, in other words, the SU(2)
gauge group. It was also shown in [16] that the standard-like models of [18–21] are
very interesting due to the frequent emergence of the SU(2) hidden gauge group
factors.
5 Conclusions
In this note, we reviewed the string-derived low-energy effective model in the free
fermionic formulation and found that the two axions were either harmful or massive.
Therefore, they can not solve the strong CP problem which is in complete agreement
with [8, 9]. We have also explored the possibility of the self-interacting dark matter
residing in the non-Abelian gauge group present in the hidden sector and found that
the low-energy effective model naturally welcomes the self-interacting dark matter as
4 copies of the non-Abelian, hidden SU(2) gauge group factor are present.
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